In the present article, a summary and analysis of literature published in Mexico on the removal and burial of dung by dung beetles, a primary function that represents an ecosystem service of great importance for livestock production, is presented. Studies from distinct ecosystems are examined, emphasizing the findings in livestock pastures with active grazing in several different states of Mexico. In addition, the unpublished results of the authors obtained in pastures across an altitudinal gradient in central Veracruz are presented for a dung exposure time of 24 hours. No significant differences were found in species richness among sites. However, differences were found in the dung removal rate; higher values were found at the sites with higher elevation and lower values at sites with lower elevation. The species with the highest biomass included the 3 largest species and small but very abundant species. Nocturnal tunnelers reincorporated the largest quantity of dung over the first 24 hours; in contrast, rollers only removed dung at the lowest areas of the gradient (< 250 m asl). However, much more information is still required regarding the capacity of the different functional groups and dung beetle species for dung burial in the livestock production zones of Mexico.
Introduction
Dung beetles (Coleoptera: Scarabaeidae, Scarabaeinae) differentially contribute to the daily removal, burial, and disintegration of large quantities of dung deposited by animals onto soil. Specifically, dung beetles relocate such organic wastes and use them for food and nesting (Doube, 1990; Halffter & Edmonds, 1982; Halffter & Matthews, 1966; Hanski & Cambefort, 1991; Zunino, 1991) . This primary function represents an ecosystem service in both natural ecosystems and agroecosystems (Nichols et al., 2008) , as it facilitates the degradation and recycling of nutrients contained in dung, such as nitrogen, phosphorous, potassium, sodium, and magnesium, among others, and also promotes the incorporation of those nutrients into soil (Bang et al., 2005) . This function additionally serves to reduce the emission of greenhouse gases produced by dung, such as methane and nitrous oxide (Penttilä et al., 2013; Slade et al., 2016; Yokoyama et al., 1991) . For this reason, it is important to study dung removal not only from an ecological point of view but also because of its direct connection with livestock production.
The earliest dung removal studies in Mexico were carried out in 2004. However, as in other parts of the world, the number of studies greatly rose by 2012 with increasing interest in the process of dung removal by Scarabaeinae beetles. In addition, interest in the ecosystem services provided by these insects in natural ecosystems and agroecosystems has continued to increase. Nevertheless, the number of sites and states in Mexico where these studies have been conducted are relatively few ( Fig. 1) . This study presents a summary and analysis of the material published on dung removal in Mexico, emphasizing those studies carried out in grazing pastures. Some data produced and recorded by the authors at active grazing sites are also presented.
The structure of this summary is as follows: first, a general overview is provided of the process of dung removal, burial, and disintegration by dung beetles (Scarabaeinae), including its importance and highlighting the different variables that, according to the literature, are closely related with this process. Based on literature published in Mexico (Table 1) , the relationship among different factors that can directly or indirectly influence the efficiency of dung removal by dung beetles is examined. These factors include a) the richness, abundance, biomass, and composition of species and their durante las primeras 24 horas. Los rodadores sólo realizaron remoción de estiércol en las zonas más bajas del gradiente (< 250 m snm). Aún hace falta mucha información sobre la capacidad de enterramiento del estiércol que tienen los grupos funcionales y las diversas especies de escarabajos coprófagos en las zonas ganaderas de nuestro país.
Palabras clave: Cavadores; Rodadores; Moradores; Degradación de residuos; Relocalización; Servicios ecosistémicos Figure 1 . Location of the areas in which the processes of dung degradation by dung beetles have been studied, in the states of 1) Durango, 2) Hidalgo, 3) Veracruz, and 4) Yucatán (Table 1 ). The map was produced based on satellite imagery from December 13 th , 2015 of Google Earth V7.1.2.2041 (consulted July 12 th , 2017). relationship with dung removal; b) dung removal rates; c) functional groups and their differential contribution toward dung removal; d) species preference according to origin of dung or season; e) exposure time; f) extrinsic and intrinsic factors, and g) contribution of dung beetles to dung removal. Some findings obtained by the research team of the authors are included (both published and nonpublished). These are the results of a line of study of dung removal processes that has been established for more than 10 years. The unpublished data were obtained using the same methodology (Arellano, 2016) , over the same period in different active grazing pastures of central Veracruz, Mexico, and cover a broad range of conditions (Table  2) . Finally, we highlight the economic importance of the ecosystem services provided by dung beetles for livestock producers. Table 2 Description of the plots studied in central Veracruz. The new information incorporated into this review article was obtained in August 2014, in ranching pastures (1 ha) with active cattle grazing, in 3 different municipalities of central Veracruz: Jilotepec (J), Tlacolulan (T) and Paso de Ovejas (PO). The average distance between sites in Jilotepec and Tlacolulan was 3 km. In the Municipality of Paso de Ovejas, the average distance was a little greater (6.9 km). The period of exposure of the cattle dung was 24 hours, using in each case 8 sampling units per site and following the methodology proposed by Arellano (2016 10.22201/ib.20078706e.2018.4.2495 General overview: removal, burial, and disintegration of dung by dung beetles
As stated above, the removal, burial and disintegration of dung is a primary ecological function performed by the Scarabaeinae that translates into an ecosystem service by improving the physical properties of the soil, such as aeration, water infiltration, and reducing compaction through bioturbation and the construction of tunnels (Brown et al., 2010; Huerta et al., 2013; Nichols et al., 2008) . Dung beetles also improve the chemical properties of soil by facilitating the degradation, recycling, and incorporation of nutrients contained in dung, such as nitrogen, phosphorus, potassium, sodium, and magnesium, among others (Bang et al., 2005; Bertone et al., 2006) .
The accumulation of dung for a prolonged period in the pastures or active grazing sites can have negative economic effects for the livestock producers, who must pay to remove it because of the sanitary problems it can create, as well as to control the pests that develop within it (Corwin, 1997) , but also because of the loss of useful pasture for the livestock which its presence implies (Cruz-Rosales, 2011; Forbes & Hodgson, 1985) . In addition, the presence of bare soil generates erosion and increases compaction, thus reducing the infiltration of rainwater (Pinheiro-Machado, 2016; Valdez-Zertuche et al., 2015) . The producer also pays for the chemical inputs necessary to compensate for the nutrient loss (Aarons et al., 2004; López-Collado et al., 2017; Omaliko, 1981) . In this context, the ecosystem services provided by the dung beetles play a vital role.
The Scarabaeinae have 3 functional groups, according to dung removal strategy (Doube, 1990; Doube et al., 1988; Halffter & Edmonds, 1982; Halffter & Matthews, 1966; Zunino, 1991) : tunneler species are characterized by the excavation of tunnels below the dung pat, where they store the dung, thus contributing to its removal and to the aeration of the soil, facilitating water infiltration from the surface to the deeper soil layers (Bang et al., 2005; Brown et al., 2010; Nichols et al., 2008) . The roller species form balls of dung and disperse these at a distance from where the dung pat was originally deposited. These species thus act as secondary dispersers of the seeds contained within this dung (Amézquita & Favila, 2010; Andresen, 2002; Andresen & Feer, 2005; Estrada & Coates-Estrada, 1991; Huerta et al., 2013; Nichols et al., 2008; Slade et al., 2007) . Finally, dweller species are characterized by feeding and nesting within the dung itself, causing its disintegration. While these species do not remove the dung, they do break it down (Scholtz et al., 2009) , for which reason all of the dung beetle species are important for dung elimination and the cleansing of livestock pastures (Anduaga, 2004; Anduaga & Huerta, 2007; Doube, 1990; Halffter & Edmonds, 1982; Halffter & Matthews, 1966; Hanski & Cambefort, 1991; Huerta et al., 2013; Kryger, 2009) .
It has been observed that the ecosystem services provided by the dung beetles are closely related to different environmental factors, such as seasonality, temperature and humidity (Anduaga & Huerta, 2007; Ortega-Martínez et al., 2016; Slade et al., 2007) , as well as the physical characteristics and type of dung (Amézquita & Favila, 2010; Horgan, 2001; Ortega-Martínez et al., 2016) and soil (Menegaz & Medina-Hernández, 2017; Nervo et al., 2014) , type of vegetation (Lizardo & Castellanos-Vargas, 2016; Ortega-Martínez et al., 2016) , among others. However, the efficiency with which this process is conducted also depends on other factors particular to each species, such as richness and abundance (Braga et al., 2013; OrtegaMartínez et al., 2016; Slade et al., 2007) , size (Amézquita & Favila, 2010; Anduaga, 2004; Anduaga & Huerta, 2007; Nervo et al., 2014; Slade et al., 2007) , period of activity, behavioral type displayed in terms of the removal of food (Halffter & Edmonds, 1982; Halffter & Matthews, 1966; Hanski & Cambefort, 1991) , biomass Basto-Estrella et al., 2016; Braga et al., 2013; Ortega-Martínez et al., 2016; Shahabuddin, 2008) , and reproductive status (Andresen, 2003; Carpaneto et al., 2010; Halffter & Edmonds, 1982; Huerta et al., 2010; Jankielsohn et al., 2001; Nervo et al., 2014; Nichols et al., 2008; Ortega-Martínez et al., 2016; Shepherd & Chapman, 1998; Woodward et al., 2005) .
Although dung beetles modify agroecosystem soils, the management of production (in this case, livestock production) can, in turn, affect dung beetle assemblies (Alvarado et al., 2018; Lumaret et al., 1992; Williams et al., 2017) . Such effects may be manifested in changes in the number and composition of the species, in the relative abundance of the functional groups within the assembly and in the ecological functions of the beetles themselves (Braga et al., 2013) .
Factors that affect dung removal function in Mexico
Richness, abundance, biomass and composition of species, and their relationship to dung removal. The quantity of dung removed is closely related to the richness, biomass, and abundance of the assemblies of dung beetles (Braga et al., 2013) . However, in general, the literature consulted in this regard shows that richness is not a determinant variable in the assemblies. The determinant variable is in fact the composition of species and their relationships with abundance and biomass at each site and study area.
In Durango State, Mexico, in El Jaralillo, the highest values of abundance, biomass and rates of dung removal were presented during July, September and October. The most important species were Euoniticellus intermedius Reiche, Digitontophagus gazella Fabricius, 2 exotic species and the native species Canthon humectus Say (Anduaga, 2004) . In the locality of Minillas, the highest abundance of species were found in September, with the dominant species being those of larger size: Dichotomius colonicus Say, Phanaeus quadridens Say, and Copris sierrensis Matthews. This was reflected directly in the proportion of dung removed by these species (Anduaga & Huerta, 2007) .
In livestock production ranches, neighbor to Jacala, Hidalgo State, that feature remnants of temperate forest, Ortega-Martínez et al. (2016) found that beetle species richness was similar in both habitat types and that there was a significant relationship between the biomass of these species and the quantity of dung removed. These authors found differences in the quantity of dung removed by the most abundant species: Deltochilum scabriusculum Bates, D. colonicus, and Phanaeus adonis Harold.
In Los Tuxtlas in southern Veracruz, a study by Amézquita and Favila (2010) conducted in tropical rain forest indicated that biomass and species richness, as well as season, were important factors for the removal of dung. Dung type (native represented by monkey dung, and exotic represented by cow dung) also affected the dung removal rates. Dung beetle biomass and species richness were near 3 times greater in monkey dung than in cow dung.
In Medellin, Veracruz, Cruz et al. (2012) compared the dung removal rate in areas that had free access or that were covered with mesh during the rainy and dry season. The greatest and fastest rate was observed during the rainy season, which coincides with the period of greater abundance of dung beetles in this area, mainly E. intermedius, D. gazella, and Copris lugubris Boheman, which are also present throughout the year (Flota-Bañuelos et al., 2012) .
In the pastures we studied in central Veracruz (Municipalities of Jilotepec, Tlacolulan, and Paso de Ovejas), no important differences were observed among the sites: in pastures located between 1,000 and 1,840 m asl, there were 3 to 5 species, and in those found below 300 m asl, there were 5 to 7 species. With respect to abundance, in the pastures below 300 m asl, E. intermedius and D. gazella were the most abundant species, supporting that reported by Anduaga (2004) for El Jaralillo, Durango.
In the pastures at between 1,000 and 1,200 m asl, the most abundant species was D. colonicus, which is similar to that reported by Anduaga and Huerta (2007) in the locality of Minillas, Durango. At this same elevation in Central Veracruz, Copris incertus Say was found to be dominant. In zones above 1,600 m asl, the dominant species were
Onthophagus incensus Say and Onthophagus cyanellus
Bates.
In terms of biomass, 3 species represented the highest biomass in the pastures located at elevations below 300 m asl; however, these were not those of greatest abundance, but rather the species of largest size: D. colonicus, D. scabriusculum, and Phanaeus tridens Laporte. In the pastures located between 1,000 and 1,200 m asl, the 2 most abundant species also represented the greatest biomass. In the pastures located above 1,600 m asl, 2 species represented the greatest biomass: D. colonicus for its size and O. incensus for its abundance. The list of species, and their abundances per site and elevation is presented in table 3. As with the studies analyzed above, there was a direct relationship along the gradient between the abundance, composition and biomass of the species and the quantity of dung removed.
In the municipality of Tizimín, Yucatán State, a total of 17 species were observed, with Onthophagus landolti Harold the most abundant, while Canthon indigaceus chevrolati Harold, was the second most abundant (BastoEstrella et al., 2012) . Due to the high abundances of these 2 species (with more than 20,000 individuals each), they were important to the process of dung removal despite their small size.
It can therefore be concluded that the quantity of dung that can be removed in a given site can be defined according to the species composition and their abundance in each dung pat as well as the dry weight of the dung itself (Braga et al., 2013) .
Quantification of the dung removal rate. One of the most utilized variables at international level is the difference between the quantity of dung deposited and the quantity found after a given period, or under given land uses, commonly known as the dung removal rate. In this respect, it was found in El Jaralillo, Durango, that the highest dung removal rate was presented in October, coinciding thus with the highest species richness (Anduaga, 2004) . For this reason, in the locality of Minillas in the same state, Anduaga and Huerta (2007) found that September was when the highest quantity of dung was removed (69%), which was related to the high activity of the dominant species recorded at that time. In Jacala, Hidalgo, Ortega-Martínez et al. (2016) found that dung removal was significantly greater in the pastures that in the forest, which was related to the abundance of the most important species in each habitat type. However, these authors do not provide the removal rate as such. In La Laguna, municipality of Medellín, in the central lowland zone of Veracruz, Cruz et al. (2012) observed that after 4 days, 86% of the dung placed in uncovered dung pats had disappeared, with nearly 100% eliminated after a period of 32 days. In central Veracruz, we found that the average dung removal rate (± SE) was 0.171 ± 0.024 in the zone located at more than 1,600 m asl, 0.146 ± 0.015 in pastures located between 1,000 and 1,200 m asl and 0.112 ± 0.01 in those located below 300 m asl. A decreasing trend was observed in the dung removal rate with elevation, although this was not significant, since the dung removal rate did not differ drastically, only varying from 11 to 17% in a period of 24 hours. In Tizimín, Yucatán, Basto-Estrella et al. (2016) indicated that the dung beetles removed 40.1 % of the initial weight of the dung pat and that the removal activity on their part was initially less rapid (33.8%) than at the end of the study period (44%). It can therefore be concluded that in the different studies analyzed, variable removal rates were changing according region, area, season, and exposure time.
Dung removal and functional groups: contribution of the species to dung removal. The composition of the dung beetle functional groups that comprise an assembly, is closely related to the quantity of dung removed by each of these groups (Halffter & Edmonds, 1982; Halffter & Matthews, 1966; Hanski & Cambefort, 1991; Scholtz et al., 2009 ). Most studies conducted in Mexico have shown that, as in other parts of the world, the tunneler species of greater size are those that remove the highest quantity of food following emergence and during the nesting period (Anduaga & Huerta, 2007; Halffter & Edmonds, 1982; Huerta et al., 2010; Scholtz et al., 2009 ). However, the removal conducted by the roller species has also been quantified in Mexico. Below, we present the findings of various studies in this regard.
Of the studies conducted in Durango, in El Jaralillo, Anduaga (2004) found the presence of both tunnelers and rollers, but did not measure removal per functional group, only the total removal. Anduaga and Huerta, (2007) and Huerta et al. (2010) , highlighted that, in Minillas for example, while 2 functional groups do exist (tunnelers and rollers), the only one found was that of the tunnelers, Table 3 List In central Mexico, specifically in the Barranca de Meztitlán and close to Jacala, Hidalgo State, one of the most abundant species of the zone was the roller species Canthon humectus hidalgoensis (Bates), which could bury an estimated 820 g of dung per day and per hectare. This figure was determined from determining the weight of the dung balls made by the pairs and by individuals alone, in relation to the abundance present in the season of greatest activity of this species (Ortega-Martínez et al., 2014) . In a subsequent study, Ortega-Martínez et al. (2016) found that the greatest individual dung removal rate was represented by the 3 species of greatest size and biomass, but of different habits; D. colonicus is a tunneler, nocturnal and coprophagous, D. scabriusculum is a roller, nocturnal and copro-necrophagous and P. adonis is a tunneler, diurnal and copro-necrophagous in habit.
In the region of Los Tuxtlas, Veracruz, monkey dung attracted beetle species belonging to all relocation strategies: dwellers (3 species of Eurysternus), rollers (5 species of Canthon, and 2 of Deltochilum) and tunnelers (9 species of different genera). In contrast, cattle dung mainly attracted tunnelers (5 species) and species of dweller (Eurysternus mexicanus), although individual of Canthon femoralis, which is commonly associated with monkey dung, was recorded (Amézquita & Favila, 2010) . The latter authors propose that these associations are related to the coevolution of these beetle species and the native organisms that produce their food, which in this zone are mainly omnivorous mammals, such as monkeys, rather than herbivorous animals, such as cattle, which were introduced to America over 500 years ago (Halffter & Matthews, 1966; Vieira et al., 2008) .
In La Laguna, in the municipality of Medellín, Veracruz, there were 2 functional groups of dung beetles present; the tunnelers and some dwellers, who conducted the dung removal over the 2 months of field experimentation by Cruz et al. (2012) .
Of the 13 species in central Veracruz, most were large tunnelers, and only 2 were rollers (C. indigaceus chevrolati and D. scabriusculum). Accordingly, members of the tunneler functional group removed the highest proportion of dung (greater number of species and higher abundance = more removed dung).
Dung removal by species differed independently of functional group according to biomass and length (Fig.  2) . All of the results we describe hereafter correspond to a 24-hour period of exposure of the dung. In the pastures located below 300 m asl, individuals of D. gazella and of E. intermedius bury small quantities of dung, which is related to their small size, and their role in the function of dung removal is compensated with their high abundance in these sites, where individuals of larger and less abundant species, such as D. colonicus, bury more than 5 times the quantity of dung and individuals of P. tridens bury almost double (Fig. 2) . In pastures located between 1,000 and 1,200 m asl, D. colonicus, a large tunneler species bury similar quantities of dung than at the lower elevation. C. incertus, a large tunneler species, buries almost half the quantity of dung than it buries in pastures located above 1,600 m asl. The species D. colonicus buries quantities that are a little larger than those it buries at the medium and low elevations. Onthophagus incensus is a medium-sized tunneler species that is very abundant from 1,600 m asl and buries similar quantities between 1,000 and 1,800 m asl; however, it presents its highest values above 1,600 m asl (Fig. 2) . Notably, the rollers were only found at pastures below 300 m asl. Canthon indigaceus chevrolati was the roller species with the highest abundance (< 300 m asl); it removed 6.95 ± 0.36 g per day from the dung pads (a similar but slightly lesser amount than E. intermedius and a higher amount than Onthophagus landolti). On the other hand, individuals of Deltochilum scabriusculum (the other roller species) removed 21 ± 0.56 g per day from the dung pads (less than P. tridens and C. lugubris) (Fig. 2) . Likewise, the dung balls of C. indigaceus were smaller than those of D. scabriusculum (1 g and 5 g respectively).
In Tizimín, Yucatán, the presence of 2 of the 3 functional groups were reported: tunnelers and rollers. However, the former removed more dung due to presenting more than double the abundance of the latter group (Basto-Estrella et al., 2016) .
In summary, the studies conducted in Durango mainly analyzed the role of large tunnelers in the ecosystem function of dung removal, while the roles of smaller species and dwellers were not explored. Of the studies conducted in Hidalgo, only one determined the importance of the different removal strategies (Ortega-Martínez et al., 2016) through considering the entire assembly rather than simply one very abundant species in the area. This latter study concluded that the greatest individual dung removal was performed by the 3 species of greatest size and biomass but of differing habits in terms of both dung removal strategies and daily activity and food preferences.
The studies conducted in Veracruz arrived at different conclusions: in the region of Los Tuxtlas, monkey dung (a native resource in the tropical forest) attracted beetles of all 3 dung removal strategies and, for this reason, the dung removal rates were higher in this dung type than in that of cattle (an exotic resource in the tropical forest), which attracted mainly tunnelers (Amézquita & Favila, 2010) . In La Laguna, in the municipality of Medellín, Veracruz, there were 2 functional groups, with the tunnelers being the most important of these, in terms of dung removal (Cruz et al., 2012) . This coincides with that found along the studied gradient in the central zone of the state, since the large nocturnal tunnelers were those that dominated the dung removal process, as well as small but very abundant diurnal tunneler species (Onthophagus incensus). The rollers made a very low contribution, since they represented only 15% of the species of the assembly and had very low abundances. Finally, in Yucatán, the small tunnelers removed the greatest quantity of dung due to their high abundance (Basto-Estrella et al., 2016) .
Effect of species preference, origin of dung and seasonality on dung removal. The animal origin of the dung and the species on which those animals feed are both very important factors, since there are species that prefer different types of dung, both for feeding and nesting, and such preferences could thus be related to the observed removal rates. Another important factor is seasonality on the part of the dung (Amézquita & Favila, 2010; Anduaga, 2004; Anduaga & Huerta, 2007; Basto-Estrella et al., 2016; Estrada et al., 1993; Halffter & Matthews, 1966; Huerta et al., 2010; Whipple & Hoback, 2012) , since most dung beetle species are active during the rainy season.
In Durango, the dung of the pastures of both El Jaralillo and Minillas are mainly bovine in origin and the highest beetle activity is presented in the rainy season. In El Jaralillo, the highest quantity and activity of species was found in September, when the rainy season is well established (Anduaga, 2004) while, in Minillas, most species were active from the end of May until September (Anduaga & Huerta, 2007) . For this reason, the greatest removal of dung is found in this season, which is also the reproductive period of the beetles (Huerta et al., 2010) . During the rainy season (June to October) neighbor to Jacala in Hidalgo, no differences were found between the quantities of bovine and ovine dung removed (OrtegaMartínez et al., 2016) .
In Los Tuxtlas, Veracruz, in tropical rain forest fragments of different sizes, Amézquita and Favila (2010) found that monkey dung removal rates remained more or less similar during the dry and rainy seasons. In contrast, cattle dung removal rates were very much higher during the rainy season. In La Laguna, municipality of Medellín de Bravo, Veracruz, Cruz et al. (2012) also report that the greatest activity of the beetles and removal of bovine dung takes place in the rainy season. In the pastures of central Veracruz, we only used bovine dung and the results we present are from the rainy season, which is when the highest abundances of species are presented in the region studied, coinciding with that found in the pastures of Tizimín, Yucatán, where most bovine dung removal was presented during July. This date corresponds to the middle of the rainy season, which is when the highest species abundance is presented (Basto-Estrella et al., 2016) .
The studies analyzed were mostly conducted in the rainy season and it is during this period that the beetles are most active and contribute most to the function of dung removal.
Dung removal and exposure time. One important variable that can influence the quantity of dung removed by beetles is the exposure time of dung, as many species are most attracted to fresh dung (Lee & Wall, 2006) . Specifically, the attraction of dung decreases over time because of the effects of desiccation (Cruz et al., 2012) . Anduaga (2004) states that, in montane pastures in Durango, a higher proportion of dung pats were exploited or colonized during the first 48 hours following deposition. In Minillas, Anduaga and Huerta (2007) found that removal is also related to the months of the year in which beetles are most active, as more dung was removed in September than in October.
In Los Tuxtlas, Veracruz, Amézquita and Favila (2010) found that the speed of elimination of both monkey and cattle dung was high between 24 and 48 hours; after this period, the consumption of both dung types decreased. Cruz et al. (2012) observed that the greatest reduction in weight of experimental dung pats in La Laguna occurred over the first 4 to 8 days of exposure and subsequently decreased. Greater reduction in dung pat weight occurred during the rainy season, coinciding with the period of highest activity of dung beetles. In central Veracruz, the highest removal was generally observed at 24 hours after deposition, which is when bovine dung is most fresh and attractive to a high percentage of the species present in our study areas. We can therefore conclude that the highest dung removal activity of beetles is presented between 24 and 48 hours of dung exposure, although peaks in activity may occur up to 96 hours after deposition.
Extrinsic and intrinsic factors related to dung removal. Dung removal is one of the most important ecosystem services provided by the dung beetles and there is a series of extrinsic and intrinsic factors related to the removal rates and efficiency of species in terms of this activity. The former, as stated in the introduction, include seasonality, temperature, precipitation, humidity, soil characteristics, availability and type of food and pasture management, among others. In the case of the intrinsic factors, the most important are the period of activity of the individuals (diurnal, nocturnal and crepuscular), their physiological condition, and the sex and behavior type displayed by each (Anduaga & Huerta, 2007; Horgan & Fuentes, 2005; Ortega-Martínez et al., 2016; Slade et al., 2007) .
In El Jaralillo, Durango, Anduaga (2004) analyzed the efficiency of dung beetles and found that, even with the abundance and activity of the species found there, it would be insufficient to achieve the total removal of the dung deposited by the cattle in this semiarid zone of marked seasonality. Due to the fact that the soil begins to moisten with the first rains in July, the quantity of species that emerge at the beginning of the rainy season is few and it is not until October, when there has been sufficient rainfall to penetrate deep into the soil layers, that the highest emergence, richness and abundance of beetle species is presented. This undoubtedly has influence in terms of the low dung removal rates found by this author. Moreover, most of the beetle species found are of small (7 to 13 mm) and medium (14 to 17 mm) sizes, while large-sized species (20-25 mm) were very rare. In Minillas, also in Durango and with very similar environmental conditions to those of El Jaralillo, Anduaga and Huerta (2007) found that emergence of the larger sized species (20-24 mm), and those that are univoltine, is presented in mid-July or the beginning of August, such that it is not until September that their greatest activity is presented and thus the highest percentage of dung removed. However, when this study was conducted, only 69% of the dung pats presented activity and removal on the part of the dung beetles, while in October the percentage of dung removed was lower, even though availability of this resource was greater than in September. This was corroborated by Huerta et al. (2010) , who observed that the greatest quantity of removal was conducted during the reproductive season of the beetle species of larger size.
In Jacala, Hidalgo, the livestock pastures still feature remnants of the original temperate forest vegetation. The rainy season is presented from June to September and the greatest richness and abundance of dung beetle species is also presented during this period (Ortega-Martínez et al., 2014 , 2016 . In this zone, 19 species are found according to Ortega-Martínez et al. (2016) . Most of the dung removal is conducted by 2 nocturnal and diurnal species, all of which present high biomass and large size. No differences were found between the removal of bovine and ovine dung.
In Los Tuxtlas, Veracruz, Amézquita and Favila (2010) do not include the influence of environmental factors, or of the periods of activity of the species, although it is known that some are nocturnal while others are diurnal.
Unlike the other studies that had short observation periods, in La Laguna, Veracruz, Cruz et al. (2012) exposed the dung pats for 2 months in order to observe the rates of degradation in both dry and rainy seasons. The differences were marked, since in the rainy season, 80% of the dung pat weight was lost within 4 days, while in the dry season, this same weight loss required 2 weeks of exposure. The weight could be maintained with little variation for up to 2 months. In both cases, this degradation was also related to the activity of the beetles present in the zone, represented mainly by E. intermedius and D. gazella. Flota-Bañuelos et al. (2012) also observed that these 2 dung beetle species are prominent among the 15 species recorded in that zone. The authors even mention that E. intermedius was present throughout the year, although in variable abundance. Cruz et al. (2012) found that, during the rainy season, when the dung beetles were present, dung pats exposed to them presented a considerable reduction in weight, since in 4 days they had lost 86% of their initial weight, in 1 month they had lost 98% and in 2 months the dung pats had disappeared completely.
In central Veracruz (municipalities of Jilotepec and Paso de Ovejas), while dung removal data were taken at 24, 48 and 72 h, we only report the results corresponding to 24 hours in this study since this was the period in which we obtained the highest values of removal by the beetles. The majority of the dominant and most efficient species at dung burial were nocturnal, although some were diurnal (31% of the total).
In Tizimín, Yucatán, where at present patches of secondary vegetation of low and medium deciduous tropical forest are found within the livestock pastures, the assembly of dung beetles was formed by 19 species, of which 10 are nocturnal, 8 diurnal and 1 crepuscular (Basto-Estrella et al., 2012) . During the rainy season, 40.1% of the initial dung pat weight was removed in 24 hours by the beetles, the removal activity of which was initially slower (33.8%) than it was at the end of the season (44%) (Basto-Estrella et al., 2016) .
From this, we can conclude that the extrinsic and intrinsic factors play an important role in the removal of dung and must be taken into account when attempting to make an adequate interpretation of the dung removal efficiency of each species and functional group.
Contribution of dung beetles to removal. Despite the activity, richness and/or abundance of the dung beetles, as well as the functional groups present in many regions of Mexico, it appears that it is insufficient to remove all of the fresh dung deposited daily on grazing lands, for which reason, much of this dung remains unused by the beetles. Recently, a mathematical model was used to estimate that only 65 to 69% of the available dung can be removed (López-Collado et al., 2017) . As stated previously, various environmental factors are associated with dung removal. However, the seasonality defines the periods of activity of dung beetles, being more abundant and active during the rainy season, although there are species that can be active throughout the year (Anduaga, 2004; Anduaga & Huerta, 2007; Basto-Estrella et al., 2016; Cruz et al., 2012; Huerta et al., 2010; Ortega Martínez et al., 2014 , 2016 .
Knowledge of the rate of disintegration of dung has helped to establish the economic value of the ecosystem service provided by the dung beetles to livestock production sector of different zones (Beynon et al., 2015; Fincher, 1981; López-Collado et al., 2017; Losey & Vaughan, 2006) . Broadening this type of study to the level of species or functional groups would contribute towards the improved definition of the importance of these to livestock production in Mexico.
Conclusions
In Mexico, large areas of territory originally occupied by tropical forests and other vegetation types have been cleared for livestock production since the past century. At present, livestock production zones occupy an area of 68 million hectares and contain more than 28 million head of cattle. Accordingly, the accumulation of dung in these agroecosystems is considerable.
It is very important to inform livestock producers of the important ecosystem services provided by dung beetles, such as facilitating the degradation of dung deposited daily in pastures in large quantities by livestock, during feeding and nesting periods. To achieve this, a sustained educational effort should be directed toward livestock producers. With such information, producers can become aware of the ecosystem services provided by these insects.
In Mexico, dung beetle fauna is still well represented, but populations of these insects can be affected in different livestock producing regions, such as Veracruz, by traditional livestock methods. Livestock production can have serious consequences for the existence of these beneficial organisms. In the absence of dung beetles, alternatives must be sought to recover the services provided by these organisms to livestock production and pasture agroecosystems, which would lead to a high economic cost for livestock producers, as occurred in Australia in the 1960s.
If this ecosystem service were to be lost, the estimated economic and ecological impacts for pasture agroecosystems would likely be enormous. Laboratory rearing of dung beetles is one potential means of addressing the loss of this ecosystem service. In addition, species may be reintroduced at suitable sites in terms of soil health where prior studies have documented the fauna inhabiting the area, which may imply a high cost.
